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(54) METHOD FOR DETECTING PROTEINS UNDER MUTUAL INTERACTION 



(57) A method for detecting proteins under mutual 
interaction which comprises mixing a protein having a 
label for detection synthesized by a cell-free protein syn- 
thesis method with another protein having a modifica- 
tion for separation, or synthesizing a protein having a 
label for detection and another protein having a modifi- 
cation for separation in a single system by the cell-free 



protein synthesis method; separating a pair of proteins 
fomned by the interaction between these proteins with 
the use of the modification for separation as described 
above; and distinguishing these proteins with the use of 
the label for detection as described above. A screening 
method using this method. 
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Description 

Technical Field 

[0001] The present invention relates to methods of d tecting proteins interacting with a given protein, and m thods 
employing this method to detect those proteins in a group of multiple proteins that are capable of Interacting with any 
of the proteins in another group of multiple proteins. Still further, the pj;esen^nveDtioa4:elates-to-a-m^ of screenlng 
protein pairs where a substance - a given compound, for example - affects Interaction between proteins. 

Background of Invention 

[0002] It is common l(nowledge that certain proteins interact with certain other proteins. The interaction between 
proteins is closely associated with the expression of certain physiological activity and serves as an Indicator of the type 
of physiological activity of a given protein. Thus, when a new protein is discovered, the types of protein with which the 
new protein interacts provide a substantial hint as to the physiological activity of the protein. 
[0003] Cun-ent well-known methods of analyzing interactions between proteins include Immunocoprecipitatlon, the 
phage display method, and the yeast two-hybrid system. In immunocoprecipitatlon, an antibody (anti-A) against a given 
protein A is prepared and the protein B that copreclpitates with antigen A when anti-A Is applied is specified; this method 
has been widely employed for some time. In the phage display method (for example, Clackson, T, and Wells, J. A., 
Trends Biotechnoi., 12 (1994) 173-184), the phage library, in which various foreign gene fragments are inserted into 
the coat protein gene of a phage, and expressed as the fused protein with the coat protein, is employed. If a phage 
expressing protein B is detected using a protein A, the gene for protein B can be specified. In this method, the gene 
of A can also be specified if the antibody is employed as protein A. Further, when a gene library incorporating random 
mutations Is employed, it is possible to isolate and identify the genes of mutant proteins capable of acting on a specify 
protein. In the yeast two-hybrid system (Fields, S., et al., Trends Genet. 10 (1994) 286-292), the expression system 
of a gene library is designed so that when a given protein A acts on another protein B. transcription of the reporter 
gene employed is activated. In this method, the two functional domains of a DNA binding domain (DB) and a transcrip- 
tion activation domain (TA) are employed to activate transcription, and those proteins activating transcription in the 
gene expressing fused proteins having both of the domains (for example, when a fused protein of DB and protein A 
associates with a fused protein of TA and protein B) are screened. Recently, a method of analyzing the interaction 
between proteins based on surface plasmon resonance employing a laser beam has been developed. 
[0004] Further, the screening of compounds affecting interaction between proteins, for example, compounds blocking 
or promoting interaction between proteins, has been conducted with protein pairs for which the interaction between 
proteins has been clearly specified. In that case, compounds affecting the above-mentioned protein pairs are screened 
from libraries of compounds comprising a large number of compounds. 

[0005] The number of genes of human, mouse, and like is to be as high as 60,000 to 1 00,000. However, the number 
of genes known to date is still about 10,000, which is low relative to the whole, in recent years, the human genome 
project has been advancing and the number of genes that are being newly isolated and sequenced is increasing each 
year. This number is expected to continue to increase in the future. IHowever, the functions of the genes that are being 
isolated and sequenced are often unknown. Since it is anticipated that all genes will eventually be specified, there is 
eageriy expected an appearance of the method that can systematically and rapidly analyze the functions of individual 
genes whose sequences are determined among the huge number of entire genes. 

[0006] The present inventors conceived of the idea that it is possible to some extent to analyze the functions of genes 
by examining whether or not proteins having amino acid sequences coded by each gene interact with existing and 
new proteins. 

[0007] As set forth above, known methods of analyzing interactions between proteins include immunocoprecipitatlon, 
the phage display method, the yeast two-hybrid system, and surface plasmon resonance. However, immunocoprecip- 
itatlon requires antibodies against individual gene products (proteins). The preparation of antibodies corresponding to 
the entirety of genes lacks feasibility and there are problems on antibody specificity. In the phage display method and 
the yeast two-hybrid system, there is a frame restrk:tlon on the expression of prescribed genes as fused proteins, and 
even when the frames match, this does not mean that a specific gene is translated as a complete protein. There are 
limits to the size of the DNA that can be Inserted in phage packaging. And in the yeast two-hybrid system, a DNA 
transfomiation into yeast is required and there is considerable inconvenience with regard to the systematic analysis 
of large numbers of samples. The surface plasmon resonance method requires the purification of each protein and is 
thus not currently suited to mass production analysis. 

[0008] Thus, the detection of interaction between large quantities of proteins Including n w proteins and the selection 
of proteins that interact is impossible using xlsting methods. 

[0009] Further, as set forth above, although there Is a known method of scr ening for compounds affecting prot in 
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pairs whose protein-protein interaction has been clearly specified from compound libraries comprising large numbers 
of compounds, ther is no known method of screening pains of proteins affected by a given compound and the like 
among pairs of prot ins form d as a result of interactions whk;h are thought tobe in a large numb r. Accordingly, It is 
an object of the pr sent invention to provide a method of readily and rapidly detecting interactions b tween large 
. 5 numbers of proteins including n w proteins. 

[0010] A further object of the present invention is to provide a method that is capable of simply, efficiently, and sys- 
tematically detecting which gene products (proteins) interact with each other even when the entire genes have been 
isolated, that is useful for Inferring the functions of proteins. 

[0011] A still further object of the present invention is to provide a method of screening pairs of proteins that are 
10 affected by a given compound from among multiple pairs of proteins. 

Disclosure of the invention 

. [0012] The present invention relates to a method for the detection of interacting proteins, characterized by: mixing 

15 a protein having a label for detection synthesized by a cell-free protein synthesis method with a protein having a mod- 
ification for separation synthesized by a cell-free protein synthesis method; separating, by means of the modification 
for separation, a protein pair formed by the interaction between the proteins from proteins having labels for detection 
that have not formed protein pairs; and Identifying the protein pair by means of the label for detection (referred to 
hereinafter as Detection Method 1). 

20 [0013] Further, the present Invention relates to a method for the detection of interacting proteins, characterized by: 
synthesizing proteins having a label for detection and proteins having a modification for separation in a single system 
by a cell-free protein synthesis method; separating a protein pair fonned by the interaction between proteins from 
proteins having a label for detection that have not fornied protein pairs by using of the modiftoatlon for separation; and 
identifying the protein pairs by using the label for detection (referred to hereinafter as Detection Method 2). 

25 [0014] still further, the present invention relates to a method for the detection of interacting proteins, characterized 
by: preparing a substrate dotted with proteins synthesized by a cell-free protein synthesis method, contacting a protein 
having a label for detection and which were synthesized in a cell-free protein synthesis method with the substrate 
dotted with proteins, and identifying protein pairs fornied between the dotted proteins and labeled proteins by using 
the label for detection (referred to hereinafter as Detection Method 3). 

30 [0015] Still further, the present invention relates to a method for screening protein pairs in which at least one sub- 
stance affects the Interaction between the proteins of a protein pair comprising the steps of: 

(1 -1 ) mixing. In presence of at least one substance affecting the Interaction between the proteins of a pair, a protein 
having a label for detection synthesized by a cell-free protein synthesis method and a protein having a modification 
35 for separation synthesized by a cell-free protein synthesis method; separating protein pairs, fonned by the Inter- 

action between proteins, from proteins having a label for detection that have not fonned protein pairs by using the 
modification for separation, and identifying the protein pairs by use of the label for detection; 
(1 -2) perfonning the same process as In step (1 -1 ) except that the mixing of the protein is conducted In absence 
of the substance; and 

40 (1-3) comparing the protein pairs identified In step (1-1) and in step (1-2) to detemnine protein pairs In whteh the 

interaction between proteins is affected by this substance(referred to hereinafter as Screening Method 1). 

[0016] Still further, the present invention relates to a method for screening protein pairs in which at least one sub- 
stance affects the interactipn between the proteins of a protein pair comprising the steps of: 

45 

(2-1 ) synthesizing proteins having a label for detection and proteins having a modification for separation in a single 
system by a cell-free protein synthesis method; adding to the synthesis system at least one substance, affecting 
the Interaction between the proteins of a pair; separating protein pairs fonned by the interaction between proteins 
from proteins having a label for detection that have not fonned a pair by using the modification for separation; and 
50 Identifying the protein pairs by use of the label for detection; 

(2-2) performing the same process as in step (2-1) with the exception that the mixing of the protein Is conducted 
in absence of the substance; and 

(2-3) comparing the protein pairs identified in step (2-1) and in step (2-2) to detennine protein pairs in which the 
interaction between proteins is affected by this substance(referred to hereinafter as Screening Method 2). 

55 

[0017] Still further, the present invention relates to a method for screening protein pairs in which at least one sub- 
stance affects the interaction between th proteins of a protein pair comprising the steps of: 
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(3-1 ) preparing a substrat dotted with proteins synthesized by a cell-free protein synthesis method; contacting a 
protein having a label for detection, synthesiz d by a celMr e protein synthesis method, with the substrate dott d 
with proteins in presence of at least one substance, affecting the interaction between th proteins of a pair; and 
identifying protein pairs fonnedbetw enth dotted proteins and the labeled proteins by use of the label for d tec- 

5 tion; 

(3-2) perfomning the same process as in step (3-1) with the exception that the mixing of the protein is conducted 
in absence of the substance; and 

(3-3) comparing the protein pairs identified In step (3-1 ) and in step (3-2) to find a protein pair in which the interaction 
between proteins is affected by the above substance (refen'ed to hereinafter as Screening Method 3). 

10 

Brief Description of the Drawings 
[0018] 

iS Fig. 1 shows the electrophoretic pattern of a 35S-labeled protein synthesized from Individual cDNA plasmids with 

a cell-free protein synthesis system (transcription and translation system). 

Fig. 2 shows the electrophoretic pattern of a biotinytated modification protein synthesized from individual cDNA 
plasmids with a cell-free protein synthesis system (transcription and translation system). 

20 Modes for Carrying out the Invention 

[0019] There were five points that had to be taken care for accomplishing the present invention. First, how to prepare 
a large number of proteins. Second, how to label a prescribed protein for detection. Third, how to modify a prescribed 
protein for isolation. Fourth, whether it is possible to develop a system for simultaneously processing large numbers 
25 of samples. And fifth, whether it is possible to screen interactions between proteins affected by specified compounds. 
[0020] The present invention is described in detail below, including these five points. 

[0021] In Detection Methods 1 -3 of the present invention, a protein having a label for detection and a protein having 
modification for separation are synthesized by a cell-free protein synthesis method. 

[0022] Ceil-free protein synthesis methods are well known. Kits for cell-free protein synthesis are commercially avall- 
30 able. An example of a commercial kit suitable for use is the In Vitro Translation system made by Promega. Such kits 
can be employed in the present invention. 

[0023] The starting material for the synthesis of a protein by a cell-free protein synthesis method may be either DNA 
or RNA. However, in employing DNA as the starting material, RNA, the transcriptional product of DNA, serves as the 
template in protein synthesis. 

35 [0024] For example, using a cell-free system, cDNA can be transcribed into mRNA and the mRNA translated into a 
protein. A promoter for RNA polymerase is added to cDNA and the mRNA produced is translated into a protein in a 
cell-free protein synthesis system. RNA polymerases of phages such as T7, T3 and SP6 are conveniently employed 
as RNA polymerases; however, the present invention is not limited thereto. Rabbit reticulocyte lysate and wheat gemn 
lysate are often employed as cell-free protein synthesis systems, but these are not by way of limitation. Although It is 

40 convenient to transcribe and translate simultaneously, they can also be done separately. For example, a kit for simul- 
taneous transcription and translation is commercially available (a kit from Promega Co. is available under the name 
"TNT Lysate Coupled Transcription/Translation"). In a living organism, biosynthesized proteins are subjected to various 
modifications such as processing and glycosylation. When higher-level structures such as In modifications after the 
translation and receptots are required, microsomal fractions or/and membrane fractions can be added. 

45 [0025] One or more kinds of proteins can be synthesized by cell-free protein synthesis. One kind of protein can be 
synthesized using a DNA or RNA as template and two or more kinds of proteins can be synthesized using two or more 
DNA or RNA as templates. 

[0026] The use of a full-length strand cDNA library comprising multiple full-length strands of cDNA as genes and the 
synthesis of proteins by cell-free protein synthesis using this library as templates pemnits the preparation of samples 

so comprising a variety of proteins. The present inventors have already employed basic techniques of efficiently preparing 
a full-length strand cDNA library (Carninci et al.. Genomics 37 (1996) 327-336; Caminci et al.: DNA Res, 4 (1997) 
61 -66) and developed a device (RISA) capable of simultaneously analyzing the base sequence of multiple DNA clones 
(The Development of a 384 Multicapiilary Sequencing System: Notes From the 21»* Annual Japan Molecular Biology 
Conference, 1 P-570 (December, 1 998, Yokohama)). As a result, the present inventors have prepared a number of full- 

ss length strand cDNA libraries from a variety of tissues and successfully established cataloged large-scale libraries with 
little redundancy (released to the public on the Riken home page: http://g nome.rtc.riken.go.Jp/). The number therein 
has now reached about 20,000 and is being updated daily. 

[0027] In particular, the incorporation of labels for detection and modifications for separation can be accomplished 
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by mploying during th course of protein synthesis amino acid mixture containing amino acids which have a label for 
det ction and/or a modification for separation (however, there are cases when amino acids described below and cor- 
responding to amino acids having a lab I for detection and/or modification for separation are omitted) to synthesize a 
protein having a label for detection and/or a modification for separation. Alternatively, instead of amino acids having a 

5 label for det ction and/or a modification for separation, an aminoacyl tRNA derivativ having a label for detection and/ 
or a modification for separation may be employed to incorporate labels for detection and/or modification for separation 
to the protein. Examples of aminoacyl tRNA derivatives are lysyl tRNA derivatives. Further, instead of amino acids 
having a label for detection and/or a modification for separation, puromycin derivatives having labels for detection and/ 
or modifications for separation may be employed to Incorporate labels for detection and/or modification for separation 

10 to the protein. 

[0028] The label for detection to be incorporated Into the protein may be a fluorescent substance, chemlluminescent 
substance, radioisotope, or stable isotope. 

[0029] The labeling for detection of the prescribed protein can be done by addition of label-use amino acids to the. 
cell-free transcription and translation system described above. Any amino acids for labeling for detection such as 

15 radioactive labels such as [35S] methionine, [35S] cysteine, [3H] leucine, and [14C] leucine, as well as chemilumines- 
cent labels and fluorescent labels, and labels with stable isotopes may be employed, if a measurement method suited 
to the label is used. /Vmino acids with radioactive labels are commercially available. Further, labeled amino acid deriv- 
atives may be employed as aminoacyl tRNA amino acids. For example, NBD labeled lysyl tRNA is l<nown as fluorescent 
lysyl tRNA (Crowley, K. S. et al., Cell 73 (1993) 1101 -1115). It is also commercially available. In addition to fluorescent 

20 labels, chemiluminescent and stable isotopes may be employed as labels in the fomi of amino acid derivatives. Re- 
cently, it has been reported that when a puromycin derivative (Pur) was added to the cell-free protein synthesis system 
under specific conditions, the Pur was incorporated Into the C temrilnus of the protein synthesized (Yanagawa, Hiroshi 
et a!., "C-Tenninal Fluorescent Labeling of Proteins". Notes From the 20th (1997) Annual Japan Molecular Biology 
Conference, 3.501 . P505; Miyamoto, Etsuko etal., The Stop Codon Site Specific Linking of Puromycin and Its Analogs 

25 in Full-Length Proteins", Notes From the 20"^ (1997) Annual Japan Molecular Biology Conference, 3.501 . P508), Ac- 
cordingly, when the C- temriinus of the protein synthesized by the cell-free system is actually labeled based on that 
method, it Is possible to obtain labeled full-length proteins in the synthesis using various mRNA as template. 
[0030] Further, modification for solid-phase treatment is an example of modification for separation that can be incor- 
porated into a protein having modification for separation . Biotinylation, avidinylation, and streptoavidinylation are further 

30 examples of modification for separation. Magnetic microbeads can also be employed as a modification for separation. 
[0031] The modification for separation of a prescribed protein pemnits the ready recovery of the protein using the 
above-described cell-free transcription and translation system with solid phase treated with avidin or streptoavldin 
when the protein has been labeled with biotin or the like. It suffices to prepare tRNA canning biotinylated amino acid 
as the protein biotinylation reagent. For example, In order to biotlnylate lysine, biotinylated lysine-tRNA Is commercially 

35 available for use. Further, biotinylated puromycin can be synthesized for use as the above-described puromycin de- 
rivative. 

[0032] In Detection Method 1 of the present invention, a protein having a label for detection and a protein having a 
modification for separation are synthesized in separate systems and mixed. 

[0033] In Detection Method 2 of the present invention, a protein having a label for detection and a protein having a 
40 modification for separation are synthesized in a single reaction system. The synthesis in a single reaction system of 
a protein having a label for detection and a protein having a modification for separation may be accomplished, for 
example, by mixing an amino acid having a label for detection and an amino acid having a modification for separation 
In a reaction system. 

[0034] In Detection Method 1, interaction between proteins Is conducted following mixing. In Detection Method 2, 
45 protein synthesis and the protein Interaction occur in parallel. However, in this case, for example, a puromycin derivative 
or the like is employed and the label for detection and modification for separation are prevented from being introduced 
into the same protein. Examples of the conditions for fomriing a pair of proteins through the interaction of proteins are 
as follows. 

[0035] First, a protein with modification for separation (for example, a biotinylated protein) and a protein labeled for 
50 detection (for example, a 35Met-labeled protein) are mixed together and caused to interact. The mixing ratio of the 
two proteins can be basically 1:1. When a kit is employed for the synthesis of proteins, for example, 2.6 \iL of each 
(equivalent to a 7.5-15 ng quantity of protein) Is admixed. In this case, the quantities of solution and protein added are 
not specifically limited, but when mixing multiple proteins at once, the quantity of each protein is, for example, 0.75-1 .5 
ng at a minimum and there is no upper limit. However, the quantity of protein required for detection may be suitably 
55 selected based on the type of label used for detection and the detection method. The temperature and duration of 
protein mixing and subsequent interaction are not specifically limited. However, for example, they may be conducted 
at 0-42°C for from 30 min to 24 hr, preferably for about one hour at about 4°C. Particularly when employing a protein 
synthesis reaction solution obtained using a kit without further processing, it is deslrabi to maintain a low temperature 
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(for exampi , 4''C) following mixing and to conduct interaction at such a temperature so that new prot in is not syn- 
thesized. Aft r interaction, the protein modified for separation is separated and recovered from th prot in having a 
label for detection that has not fomied prot in pairs. For exampi , when biotinylated prot in is employed, streptoavidin 
magnetic beads can be employed. Th addition of the beads and the reaction of beads with proteins having modification, 
for separation are preferably conducted whil stirring the reaction solution. The separation temperatur and duration 
are not specifically limited. For example, they may be conducted at 0-42''C for from 5 min to 4 hr, preferably at a 
temperature of about A^'C for about 30 min. Particularly when employing a protein synthesis reaction solution obtained 
using a kit without further processing. It is desirable to maintain a low temperature (for example, 4''C) so that undesirable 
new protein is not synthesized, and to conduct separation while stining. 

[0036] Further, to avoid nonspecific adsorption, the addition of a nonspecific adsorption blocking substance such as 
skim milk is desirable. Under the above-stated conditions, the addition of about 2 mg of skim mlik Is sufficient. However, 
this quantity may be suitably varied based on conditions. 

[0037] The beads are recovered with a magnet and washed well, after which the signal is detected. 
[0038] The reaction conditions, recovery methods, and detection methods described herein may be suitably varied 
according to the type of modification for separation and label for detection. Further, in Detection Methods, the interaction 
and separation conditions may be made identical to those set forth above. 

[0039] The protein pairs fonmed through interaction have both a label for detection and modification for separation. 
First, utilizing the function of the modification for separation, the protein pairs are separated from the system (from the 
protein having modification for detection that has not fomned protein pairs). For example, when the modification for 
separation is biotin, avidin, or streptoavidin, protein pairs are separated by using a solid phase on which a substance 
having affinity for such substances has been fixed and by fixing the protein pairs to the solid phase. In this process, 
proteins having modiftoatlon for separation that have not formed protein pairs are simultaneously separated. The protein 
that has fomried protein pairs can be distinguished from the protein that has not fomned protein pairs by utilizing the 
function of the label for detection. That is, since the protein that has not fomned protein pairs does not have labels for 
detection, it is not detected and only protein pairs having both a label for detection and a modification for separation 
are detected. 

[0040] in the detection method of the present invention, when distinguishing between samples fomning protein pairs 
(positive samples) and samples not forming protein pairs (negative samples), as Illustrated In the examples described 
below, a statistical method comparing deviation may be employed. 

[0041] In Detection Method 3, a substrate dotted with protein synthesized by a cell-free protein synthesis method is 
prepared. Specifically, a protein having a modification for separation such as biotin, avidin, or streptoavidin serving as 
a modification for solid-phase treatment is synthesized and applied In dotting to a substrate. A substrate dotted with 
the protein can be made by contacting the biotinylated, avidinylated, orstreptoavidinylated protein with a substrate on 
which a substance having affinity with biotin, avidin. or streptoavidin has been fixed. More specifically, biotin-labeiled 
protein can be dotted on a substrate that has been coated with streptoavidin. Streptoavldln-coated substrates are 
commercially available. Alternatively, a streptoavidin-coated substrate can be manufactured using a magnetic substrate 
and magnetic streptoavidin (BioMag streptoavidin, PerSeptive Biosystems). 

[0042] By contacting protein having a label for detection with the substrate that has been dotted with protein, protein 
pairs are fomned with the protein on the substrate by Interaction, and the protein is detected by utilizing the function of 
the label for detection possessed by the protein pairs. That is, although the dotted protein is present on the substratie, 

only protein forming protein pairs and having a label for detection is detected. 

[0043] In Detection Methods 1 and 2 of the present invention, more specifically, the proteins having a label for de- 
tection are a protein group A comprising one or more types of proteins and the proteins having a modification for 
separation are a protein group 8 comprising one or more types of proteins. A protein pair (protein a-protein b) fomied 
by interaction between a protein a belonging to protein group A and a protein /> belonging to protein group B Is separated 
from proteins having a label for detection that has not fonned protein pairs by utilizing the modification for separation 
of protein b, and the protein pairs (protein a-protein b) that are separated is detected by the label that is possessed by 
the protein a. 

[0044] Protein group A comprising protein having a label for detection may comprise one or more types of proteins. 
Protein group B comprising protein having a modification for separation may also comprise one or more types of 
proteins. For example, when detecting whether or not a protein interacting with a specific protein is present in a group 
of proteins comprising multiple unknown proteins, a group of multiple proteins a1 , a2, a3, a4, and a5 may be employed 
as protein group A and just a specific protein b1 may be employed as protein group B, interaction may be conducted 
with protein b1 , and thereby a protein a3 fomning the protein pair (protein a3-protein b1 ), for example, may be detected. 
Conversely, a single specific protein a1 may be employed as protein group A and a protein group comprising multiple 
proteins b1 , b2, b3, b4, and b5 may b employed as protein group B, interaction may be conducted with prot In a1 . 
and thereby a protein b4 fomning the protein pair (protein a1 -protein b4), for example, may be det cted. 
[0045] In Detection Method 3 of the pres nt invention, more specifically, the protein having a label for d tectlon is a 
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protein group A comprising one or more types of proteins and the prot in tliat is dotted on the substrate is a protein 
group B comprising one or more types of proteins. A protein pair (protein a-protein b) is formed by the interaction of a 
protein b belonging to protein group B that has been dotted on the substrate and a protein a belonging to protein group 
A. The label possessed by protein a in the protein pair (protein a-protein b) on the substrat is det cted to select the 
. 5 protein interacting with th protein contained in protein group B. 

[0046] As same as in Detection l\^ethods 1 and 2, protein group A comprising proteins having labels for detection 
may comprise one or more types of proteins. Further, protein group B comprising proteins dotted on the substrate may 
comprise one or more types of proteins. 

[0047] In the detection methods of the present Invention, multiple syntheses by cell-free protein synthesizing methods 
10 and multiple interactions of proteins having a label for detection and/or proteins having a modification for separation 
may be done in parallel. 

[0048] An example of a system capable of simultaneously processing multiple samples is a system in which protein 
synthesis reactions, protein Interactions, and separation of protein pairs fonned by Interaction are conducted with 
multlwell plates having 96 or 384 wells. For example, in Detection Method 1 of the present Invention, two multiwell 
IS plates are used to synthesize proteins having labels for detection and proteins having modifications for separation, the 
samples obtained in each well are mixed together, and the modification for separation possessed by the proteins is 
used to separate and detect proteins that interact. 

[0049] In Detection Method 3 of the present invention, avidin or streptoavldin can be rendered as a solid phase on 
a flat plate In the same manner as in a DNA chip and the microchip of biotinylated protein is prepared and used. Both 

20 of these are suited to the use of robots and automation, penmitting rapid processing of multiple samples. 

[0050] The methods of the present invention envision, in the extreme, the synthesis of proteins corresponding to the 
entire genes of about 100,000 genes in a ceil-free system and the detection of interaction between the proteins. Ac- 
cordingly, in such acase, multiple synthesis by cell-free protein synthesis methods of proteins having labels for detection 
and/or proteins having modifications for separation and multiple Interactions thereof are desirably conducted In parallel. 

25 Protein synthesis may be conducted for each gene or for two or more genes at a time. However, the proteins to be 
synthesized must include both proteins that are modified for separation and proteins that are labeled for detection. 
[0051] Carrying out multiple processes in parallel means, for example, preparing micromuitiwell plates with a total 
of 100,000 wells in horizontal line by 100,000 wells in vertical line, which gh/e a total of 100,000 x 100,000 wells, with 
1 00,000 types of proteins modified for separation being added to horizontal rows of wells and 1 00,000 types of proteins 

30 labeled for detection being added to vertical rows of wells, and determining which of the recovered proteins for sepa- 
ration exhibit label signals. By providing such a system, It becomes possible to detect interactions rapidly and conven- 
iently even for multiple samples. Protein microtips In which 100,000 types of proteins for separation have been fixed 
in advance to substrates can be used as wells. The term "100,000 types of proteins" referred to here Is by way of 
example, and the temri "multiple" Is not intended to be limited to "100,000 types of proteins". 

35 [0052] Actually, two or more proteins can be added to a single well together. It Is estimated that there are about 
500,000 types of interactions between proteins and it is anticipated that interactions will be detected in a proportion of 
one per 20,000 combinations. A test employing about 20,000 combinations using microwell plates having 96 wells can 
be carried out as follows. One microwell plate having 96 wells Is used to prepare 96 proteins having modifications for 
separation and one such plate Is used to prepare proteins having labels for detection. The proteins on 32 wells In each 

40 plate are collected into one group (divided into three groups X, Y, and Z for separation and three groups x, y, and z for 
detection), and then Interacted as the nine groups of Xx, Xy, Xz, Yx, Yy, Yz, Zx, Zy, and Zz. Each group comprises a 
combination of reactions of 32 x 32 - 1 024. Nine groups comprise total 1 024 x 9 = 921 6. or about 1 0,000 combinations 
of proteins. By preparing two 96-well microwell plates each for separation and detection and providing combinations 
for Interaction between 18 groups, It Is theoretically possible to detect a pair of Interacting proteins. Such a wori< may 

45 be done sufficiently by one person. Further automation or the use of robots pemnits the parallel testing of even greater 
numbers of samples. Further, adopting such the number of combinations as a yardstick, depending on conditions 
(number of samples or the lil<e), it is suitably detennined how many i<inds of proteins should be mixed per well. 
[0053] When modification for separation and labeling for detection are conducted with a puromycin derivative, it Is 
possible to simultaneously conduct modification for separation and labeling for detection with a single tube (synthesis 

50 system). Thus, the operation becomes much simpler. 

[0054] In the detection methods of the present invention, the following are examples of methods of searching for 
proteins fomning protein pairs by interaction. 

[0055] In Detection Method 1 of the present Invention, a group of proteins comprising multiple proteins is employed 
as at least one of proteins having a label for detection and proteins having a modification for separation. For example, 
55 when a protein pair formed by Interaction between proteins has been detected, the group of proteins comprising multiple 
proteins is divided into at least two subgroups. However, when both the proteins having a label for detection and the 
proteins having a modification for separation comprise multiple proteins, either protein group or both protein groups 
are divided into at least two subgroups. The subgroups are subjected again to the separation and detection of prot in 
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pairs formed by th interaction of proteins and tlie prot Ins fomning protein pairs ar d temnlned. For xample, ten 
groups each comprising ten proteins are prepared as protein groups comprising proteins leaving labels for detection 
and ten groups each comprising ten proteins are also pr pared as protein groups comprising prot ins having modifi- 
cations for separation. The detection method of the present invention is applied to these 10x10 prot in groups. For 

5 example, when a protein pair fomned by the Interaction between proteins in a combination of proteins having a label 
for detection and a protein having a modification for separation is detected, for example, each of the two protein groups 
is divided Into five subgroups. Each subgroup (each subgroup comprising two proteins) (in this case, there are 5 x 5 
combinations) is then subjected again to the detection method of the present Invention and the protein pair formed by 
interaction between proteins is detennined. The subgroup that has been detennined is again subdivided (this time, 

10 there being 2x2 combinations comprising a single protein), and the detection method of the present invention is 
applied, finally revealing the protein pair formed by interaction between proteins. That is. until the subgroups comprise 
only a single protein, division into subgroups and separation and detection of protein pairs are repeated, permitting 
the detennlnation of the desired protein pair fomned by interaction between proteins. 

[0056] In Detennination Method 2 of the present Invention, when at least one of the proteins having a label for de- 
15 tection and the protein having a modification for separation comprises multiple proteins and a protein pair formed by 
interaction between proteins Is detected, the protein group comprising multiple proteins Is divided into at least two 
subgroups. However, when both the protein having a label for detection and the protein having a modification for 
separation comprise multiple proteins, either protein group or both protein groups are divided into subgroups. The 
subgroups are then subjected again to the separation and detection of protein groups fomied by interaction of proteins 
20 and the proteins fomning the protein group are determined. The division into subgroups and the separation and detection 
of protein pairs can be repeated until the subgroup comprises only a single protein. 

[0057] In Detection Method 3 of the present Invention, when at least one of the proteins having a label for detection 
or the dotted protein comprises multiple proteins and a protein pair fomned by interaction between proteins is detected, 
the protein group comprising multiple proteins is divided into at least two subgroups, i-loweyer, vyhen both the protein 

25 having a label for detection and the dotted protein comprise multiple proteins, either protein group or both protein 
groups are divided. The subgroups are further subjected to the separation and detection of the protein pair formed by 
the interaction of proteins and the proteins fomning the protein pair are detemnlned. The division into subgroups and 
the separation and detection of protein pairs is repeated until the subgroup comprises only a single protein. 
[0058] In the above-described detection methods and the methods of screening of the present Invention described 

30 further below; (1) the combinations of proteins having labels for detection and the proteins having modifications for 
separation may be combinations in which both the proteins having labels for detection and the proteins having modi- 
fications for separation are new proteins; (2) combinations in which the protein having a label for detection is a new 
protein and the protein having a modification for separation is a known protein; (3) combinations In which the protein 
having a label for detection Is a known protein and the protein having a modification for separation is a new protein; 

35 and (4) combinations in which both the proteins having labels for detection and the proteins having modifications for 
separation are known proteins. In combination (1), it Is possible to discover interacting protein pairs among unknown 
proteins. In combinations (2) and (3), it is possible to discover unknown proteins interacting with known proteins. And 
in combination (4), for example, it is possible to determine whether or not a protein known to cause an Interaction with 
a protein having a modification for separation is present among proteins having a label for detection. 

40 [0059] Accordingly, the detection methods of the present invention will pemnit the sinnple, efficient, and systematic 
detection of Interactions between genetic products (proteins) when all genes have been Isolated, are useful for inferring 
the functions of proteins, and can be applied to diagnostic systems. 

[0060] Screening Method 1 of the present Invention comprises the steps of (1 -1 ) through (1-3) below. 

45 step (1 -1 ): mixing of a protein having a label for detection synthesized by a cell-free protein synthesis method and 

a protein having modification for separation synthesized by a cell-free protein synthesis method in the presence 
of at least one substance; separating a protein pair fomned by the interaction between proteins by means of the 
modification for separation; and Identifying the protein pair by utilizing the label for detection. The synthesis by a 
ceil-free protein synthesis method of the protein having a label for detection and the protein having a modification 

so for separation, the separation by utilizing the modification for separation of the protein pair formed by interaction 
between proteins, and the identification of the protein pair by the label for detection can all be conducted by the 
same methods as in the above-described detection methods. 

[0061] Further, the substance present during the mixing of the proteins Is not specifically limited. Examples are: 
55 amino acids, peptides, proteins, lipids, sugars, and their derivatives. Further examples ar : complexes of amino acids, 
peptides, proteins, lipids, sugars, and their derivatives. Additionally, the substance pres nt during the mixing of prot Ins 
may be, for example, a natural organic substance or a derivative thereof such as an alkaloid, terpen , co nzyme, 
antibiotto, epolactaen or derivative thereof, benzophenpn derivative, tetraazaelcosan , stachybocin, coumarin d - 
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rivativ . dipyridinium derivative, htrsutin derivative, cyclopropane derivative, aliosamidin derivative, quinoiine deriva- 
trv , or quinocarcin or derivative thereof. 

[0062] Further, the substance present during the mixing of th proteins may be a Chinese herbal drug or folic remedy. 
The symptoms for which Chinese herbal drugs and folk remedies are effective are known by experience, but it is well 
5 known that their actions are not wejl understood. For example, licorice is said to cure dropsy, rhubari3 are said to cure 
severe diantiea. and ephedra herb is said to cure insomnia. Accordingly, it is antteipated that what relations such 
substances have on which interactions between proteins can be screened by the methods of the present invention. It 
Is also possible to specify which components comprising Chinese herbal drugs and popular remedies and what com- 
binations thereof are effective. Examples of Chinese herbal drugs and popular remedies are given below., 

10 [0063] Examples of Chinese herbal drugs are: Asini Corii Collas, gambir, sweet hydrangea leaf, benzoin, clematis 
root, Artemisia caplllaris spica, fennel, tumeric, aconite root, Prunus mume, lindera root, bearbeny leaf, rose fruit, 
corydaiis tuber, Isodon japonicus, astragalus root, Scutellaria root, pheliodendron baric, pwedered pheilodendron bark, 
cherry bark, coptis root, polygala root, sophora flower, prunella spike, Temnlnalia chebula, Houttuynia root, Pogostemon 
cablin, pueraria root, tale, Japanese valerian, Muller Argoviensis, trichosanthes root, Trichosanthls Semen, dried gin- 

is ger, licorice, licorice powder, cantharis, agar pweder, Artemisiae Folium leaf, zedoary, platycodon root, powdered platy- 
codon root, chrysanthemum flower, catalpa fruit, immature orange, citrus peel, cinchona, notopterygium root, apricot 
kernel, Goodyera procera flower, Lycium chinense seed, Lycium chlnense leaf, sophora root, gualac gum, schizonepeta 
herb, cinnamon bark, cassia seed, pharisitis seed, Scrophularia ningpoensis, gentiana, geranium heri3, safflower, red 
ginseng, cyperus rhizome, Oryzae Semen, straw, magnolia bark, calumba, condurango, achyranthes root, evodia fruit, 

20 arctium fruit, schlsandra fruit, bupleurum root, asiasarum root, saffron, smilax rhizome, hawthorn fmit, gardenia fmit, 
cornus fruit, zanthoxylum fruit, Sophora subprostrata, Zizyphi Spinosi Semen, dioscorea rhizome, pomegranate rind. 
Aster tataricus, lithospermum root, perilla seed, Tribuli Fructus, persimmon calyx, peony root, powdered peony root, 
Adenophora triphylia, plantago seed, plantago herb, galinut, AmomI Semen, ZIngiberls Rhizoma. cardamon, wheat, 
cimicifuga rhizome, Magnoliae Flos, rehmannia root, Lycium chinense baric, Torilis japonica, houttuynia herb, Acorus 

25 gramineus seed, gypsum, senega, powdered senega, cnidium rhizome, nuphar rhizome, cicada slough, senna leaf, 
powdered senna leaf, swertia herb, powdered swertia heri^, gelatin, Peucedani Radix, actractylodes lancea rhizome, 
mulberry bark, Sappan Lignum, perilla herb, jujube, alisrna rhizome, rhubarb, powdered rhubari^, Arecae Semen, Bam- 
. busae caulls, panax rhizome, anemantiena rhizome, clove, Uncariae Uncis Cum Ramulus, chuling, citms unshiu peel, 
Arisaema serratum tuber, Gastrodia tuber, Asparagus cochinchinensis, Caslcum annuum, capsicum, Japanese angel- 

30 ica root, Angelica pubescens rhizome, peach kernel, bitter orange peel, ipecac, tragacanth, Arallae Cardatae Rhizoma, 
Amydae, nandin nut, picrasma wood, nutmeg, ginseng, honey-suckle, honey, mentha herb, giehnia root, pinellla tuber, 
fritiilary bulbus, ophlopogon tuber. Trapa natans nut, LIlii Bulbus, angelica dahurica root, atractylodes rhizome, loquat 
leaf, areca. hoelen. aconite root, baked aconite root, sinomenium stem, imperata rhizome, ledebouriella root, Quercus 
Cortex, moutan bark, oyster shell, ephedra herb. Cannabis Fructus, Vitex ritundifolia, akebia stem, Chaenomeles fruit, 

35 saussurea root, bitter cardamon, Leonurus sibiricus, myricae cortex, coix seed, powdered coix seed, Longan Aritlus, 
Fossilia Ossis Mastodi, magnesium sulfate, Gentianae Scabrae Radix, Alpiniae Officinari Rhizoma, forsythia fruit, Ne- 
lumbis Semen, scopolia rhizome, Arallae Cordatae Radix, and Osmortiiza aristata rhizome. 
[0064] Examples of folk remedies are: Mallotus japonk^us bark, Taxus cuspidate, Gynostemma pentaphyllum, Epi- 
medium marcranthum, locust, bearberry leaf, Quercus stenophylla, corydaiis tuber, Isodon japonicus, Polygonatum 

40 falcatum, pheilodendron baric, coptis root, licorice, pueraria root, Ajuga nipponensis spike, Artemisia vulgaris leaf. Poly- 
gon! Multiflori Radix, persimmon leaf, persimmon juice, platycodon root, Catalpa ovata, chrysanthemum flower, Ajuga 
decumbens, Goodyera procera flower. Polygonum f llifonne, Sophora anguistifola, Lycium chinense fruit, Lycium chin- 
ense leaf, Sasa albo-marglnata, mulbenry leaf, cassia seed, geranium herb, safflower, schlsandra fmit, arctium fmit, 
Acanthopanax bark, pepper, Polygonum cuspidatum rhizome, saffron, smilax rhizome, gardenia fruit, rehmannia root, 

45 lithospermum root, plantago heriD, houttuynia herb, persimmon calyx, Lycium chinense bark, dichroa root, Ligustrum 
lucidum, earthwomri, Aloes Lignum, leech, field horsetail, dendrobium, senna leaf, swertia herb, pomegranate, Agri- 
monia Eupatoria, cicada slough, mulberry bark, rhubarb, star anise, red ochre. Aralia eiata baric, clove. Lophatherum 
leaf, dayflower, Arisaema serratum tuber, Gastrodia tuber, rush pith, Corchorus seed, Rtelnus communis seed. Codo- 
nopsistangshen root, Trichosanthes fruit, Ipecac bark, eucommiabark, nandin nut, Zea Mays, ginseng. Lonlcerajaponl- 

50 ca, frankincense, red-berried eldertree, Patrinia scablosaefolla root, chlckweed, coix seed. Cassia occidentalls. senna 
tea, Tetragonia expansa, pomegranate fruit, Trapa natans nut, loquat leaf, cluster amaryllis root, Pynrosia leaf, Stemona 
root, wisteria bump, tabanidae, dandelion root. Digenea simplex, Chaenomeles fruit, Actinidia polygama, scouring 
rushes, peach leaf, Daphniphyllum macropodum. Artemisia vulgaris leaf. Eupatorium stoechadosmum, longana aril, 
Glechoma hederacea, Nelumbis Semen, and wasp's nest. 

55 [0065] Substances In addition to those listed abov (both known and unknown at the time of the filing of this appli- 
cation) may also be employed. A mixed syst m of two or more such substances may also be employed to determine 
the synergistic effects of multiple compounds on interaction between proteins. 
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Step (1-2): mixing of a protein having a label for detection synthesized by a cell-free protein synthesis method and 
a protein having modification for separation synthesized by a cell-free protein synthesis method in the absence of 
the above-stated substance; separating a protein pair fomrted by the Interaction between proteins by means of the 
modification for separation; and identifying the protein pair based on the label for detection. This step Is conducted 
5 In th same manner as step (1-1) xc pt that mixing of the proteins Is conducted In the absenc of the above- 

described substance. 

Step (1-3): comparing the protein pairs Identified in step (1-1) and step (1-2) to find protein pairs in which the 
Interaction of proteins is affected by the substance. For example, when a protein pair detected In step (1-1) con- 
ducted in the presence of the test substance Is not detected In step (1-2) conducted in the absence of the test 

10 substance, it is found that the test substance has promoted the interaction between the proteins of the protein pair. 

Further, when a protein pair that was not detected in step (1 -1 ) conducted In the presence of the test substance, 
is detected in step (1-2) conducted in the absence of the test substance, the test substance has blocked the 
Interaction between the proteins of the protein pair. Further, It Is possible to measure the degree of promotion or 
blocking of the Interaction between proteins by varying the quantity of test substance present during mixing of the 

15 proteins, 

[0066] Above-described steps (1 -1 ) through (1 -3) pennit screening to detenmine which interactions between proteins 

of which protein pairs are affected by the above-described substances. 

[0067] Screening Method 2 of the present Invention comprises steps (2-1 ) through (2-3) below. 

20 

Step (2-1 ): synthesizing within a single system by a cell-free protein synthesis method a protein having a label for 
detection and a protein having a modification for separation, adding at least one compound to the synthesis system 
following synthesis, separating by means of the modification for separation a protein pair formed by the Interaction 
between proteins In the presence of the above substance, and conducting Identlfteatlon of the protein pair based 

25 on the label for detection. The synthesis by a cell-free protein synthesis method of a protein having a label for 
detection and a protein having a modification for separation, the separation of a protein pair fomied by the inter- 
action between proteins based on the modification for separation, and the Identification of the protein pair based 
on the label for detection may all be conducted in the same manner as in the above-described detection methods. 
Further, the substance that is present during the mixing of the proteins may be one exemplified as the substance 

30 described for Screening ly^ethod 1 described above. Still further, two or more of such substances may be employed 
In combination to detennlne the synergistic effects of multiple substances on interactions between proteins. . 
Step (2-2): synthesizing within a single system by a cell-free protein synthesis method a protein having a label for 
detection and a protein having a modification for separation, separating by means of the modification for separation 
a protein pair fomied by the interaction between proteins In the absence of the substance, and conducting identi- 

35 fbatlon of the protein pair based on the label for detection. This step Is the same as step (2-1 ) with the exception 
that the above-described substance Is not added following synthesis of the proteins. 

Step (2-3): comparing the protein pairs identified in step (2-1 ) and step (2-2) to find a pair of proteins the Interaction 
of which is affected by the substance. 

40 [0068] As in Screening Method 1 . the above-described steps (2-1 ) through (2-3) pemnlt screening to detenmine In- 
teraction between proteins of which protein pairs are affected by the above-described substances. 
[0069] Screening Method 3 of the present Invention comprises steps (3-1) through (3-3) below. 

Step (3-1): preparing a substrate dotted with proteins synthesized by a ceil-free protein synthesis method, con- 
^ tacting a protein having a label for detection synthesized by a cell-free protein synthesis method with the substrate 
dotted with the protein In the presence of at least one substance, and identifying, by means of the label for detection, 
a protein pair fomied with the dotted protein as the result of Interaction between proteins. Further, the substance 
that Is present during the mixing of the proteins may be one exemplified as the substance described for Screening 
Method 1 described above. Still further, two or more of such substances may be employed In combination to 
so detennlne the synergistic effects of multiple substances on interactions between proteins. 

Step (3-2): preparing a substrate dotted with proteins synthesized by a cell-free protein synthesis method, con- 
tacting a protein having a label for detection synthesized by a cell-free protein synthesis method with the substrate 
dotted with the protein In the absence of the above-described substance, and Identifying, by means of the label 
for detection, a protein pair fomiing with the dotted protein as the result of interaction between proteins. This step 
S5 is Identtoal to step (3-1 ) with the exception that the protein having a label for detection is contacted with the substrate 
in the absence of the above-described substance. 

Step (3-3): comparing the proteln.pairs identifi d in step (3-1 ) and step (3-2) to find a pair of proteins the interaction 
of whk:h is affected by the substance. 
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[0070] As same as in Screening Method 1 , the above-described steps (3-1 ) through (3-3) pernnit sere ning to det r- 
mlne which interactions between which protein pairs are affected by the above-described substances. 
[0071 J The known immunosuppressors cyclosporine A and FK506 blocl< the functioning of calcineulin, a prot in 
phosphatase. In this process, it is l<nown that cyclosporine A and FK506 first fomn complexes with proteins such as 
5 .cyclophylinandFKBP (an FK506 binding prot in) before becoming able to bind calcineulin (Liu, J. tal., Cell 66 (1991) 
807-815). 

Accordingly, the interactions between proteins such as cyclophylin and calcineulin. or FKBP and calcineulin, can be 
screened by preparing compounds corresponding to cyclosporine A and FK506 in advance, interacting proteins in the 
presence and in the absence of these compounds, and measuring the effect of cyclosporine A and the like. Conversely, 
10 it is also possible to conduct screening of protein pairs the interaction of which is affected by certain substances among 
unspecified protein pairs. For example, cyclosporine A and FK506 can be employed to screen for protein pairs Inter- 
acting in the same manner as protein pairs such as cyclophylin and calcineulin, or FKBP and calcineulin. 

Examples 

IS 

[0072] The present invention will be described in detail through Examples below. 

[0073] In Reference Examples 1 and 2, it is showed that cell-free protein synthesis methods were employed to 
synthesize proteins from speclfte genes, and to recover and detect them. Further, Example.1 shows that proteins known 
to interact (such as SV40 large T and p53, or fos and jun) can actually be detected by the present niethods. 
20 [0074] The following were prepared as plasmid DNA for preparing proteins: 

1) For luciferase expression: obtained from Promega Co. (attached to commercially available kit: TNT Rabbit 
Reticulocyte Lysate System) 

2) For SV40 large T expression: SV40 DNA was purchased from BRL/Llfetech Co. The large T gene comprised 
25 two exons. Exon 1 was amplified by PCR. The primers employed were as follows: 

SV40F: 5' -CCGG AATTC ATGGATAA AGTTTTAAACAG AGAG; 



SV40R: AGTTCCATAGGTTGGAATCTCAGTTGCATCCCAGAAG. 



35 A fragment enclosed between the EcoRI site (5* side of start codon ATG) and the Van91 1 site was cut out. 

For exon 2, a fragment enclosed between the VanSI I site and the BamHI site (3* side of stop codon TGA) was cut 
out. Since the 3' and 5' ends of exons 1 and 2 were Van91 1 sites, the two fragments above were inserted into a 
pBluescript and cloned to obtain a SV40 large T expression-use plasmid. 

3) For p53 expression: Riken clone 1 8B1 0009002Mr was amplified by PCR and employed. The primer employed 
40 was FP53:T7Kozak:Reverse = 1 :50:50. Each sequence was as follows. 

FP53: 5'-GCCAATTGCCGCCACCATGACTGCCATGGAGGAGTCAC; 



T7Kozak: 5»-GAGCGCGCGTAATACGACTCACTATAGGGCCAATTGCCG- 
CCACCATG; 

50 

Reverse: P8. 

4) For fos expression: Riken clone 1 6B00000M1 1 Ba was amplified by PCR and employed. The primer employed 
was FJun:T7Ko2ak:Reverse = 1 :50:50. 
55 The FJun sequence was as follows: 

S'-GCCAAtTGCCGCCACCATGATGTTCTCGGGtTTCAACG. 
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5) For jun expression: Riken clone 28B10417F14Mr, whose 5'UTR portion with about 1 ,000 bases was removed, 
was empioyed. 

Ref rence ExampI 1 

Protein Synthesis from Genes (35S-Met Labeling) 



[0075] Conducted with a oeli-free protein synthesis Idt (Promega Co. Icit). The experimental conditions were as fol- 
lows: 



Reticulocyte lysate 


12.5 nL 


TNT buffer 


1HL 


TNT T7 polymerase 


0.5 |iL 


Amino acid mixture (Minus Met) 1 mM 


0.5 )iL 


35S-Met 


1.0 nL 


RNasin (40 units/^L) 


0.5 \lL 


DNA template* -fHsO 


9.0 \lL 




(total 25 nD 



*) Each DNA template was added as follows: for luclferase (1 .0 ^g), for SV40 laige T (1 .0 ^ig), for p53 (0.5 }ig), for fos (0.5 ^g),forjun(1 .0 \i g). 



[0076] After reacting for 1 .5 hr at 30*'C, the reaction was stopped by cooling with ice. 4 ^.L of TE4 and 5 |iL of 2X ' 
sample buffer (total 1 0 ^L) were added to 1 mJ. of the reaction solution and the mixture was heated for 3 min at 1 0O^'C 
and subjected to SDS polyacrylamlde electrophoresis (30 mA, about 1 .5 hr of migration). After fixing, Coomassie 
dyeing, and drying, the Rl band was detected with BAS2000. 

[0077] The results are shown in Fig. 1. In the figure, the DNA templates employed were as follows: lanes 1 and 2: 
for SV40 large T; lanes 3 and 4: for p53; lanes 5 and 6: for fos; lanes 7 and 8: for jun; lanes 9 and 1 0: for luclferase. 
Further, lanes 2, 4, 6, and 8 are the results of the supernatant recovered with the addition of streptoavidin beads 
fotlowing the reactions. These results show that a specific protein was synthesized for each DNA template and that 
the labeled proteins did not directly react with the streptoavidin beads. 

Reference Example 2 

Protein Synthesis from Genes (Biotin (deling and Recovery of Biotinylated Protein) 

[0078] Similar to the above-described 35S-Met labeling; 1 p.L of 1 mM amino acid mixture was added in place of the 
1 mM amino acid mixture (Minus Met) and 1 of biotinylated lysine tRNA (Transcent TM tRNA) was added in place 
of 35S-MET. When SDS poiyacryiamide electrophoresis was conducted, a PVDF membrane was blotted and bioti- 
nylated protein was detected with a biotin detection kit (Behringer Co.) 

[0079] The results are shown In Fig. 2. The plasmids employed in the figure were as follows: lanes 1 and 2: for SV40 
large T; lanes 3 and 4: for p53; and lanes 5 and 6: for luclferase. Lanes 2, 4, and 6 are the results of the supernatant 
recovered with the addition of streptoavidin beads following the reactions. The results show that a specific protein was 
synthesized for each DNA template and that the biotin-labeled proteins were reacted with streptoavidin beads and 
recovered. Although not described here, DNA templates for fos and Jun were enployed and the biotinylated protein 
was similarly prepared. 

Example 1 

Detection of Protein-Protein Interaction (Model System) 

[0080] Reaction solutions of the Rl-labeled protein of Reference Example 1 and the biotinylated protein of Reference 
Example 2 were mixed together in various combinations once the reactions had ended. That is, 2.5 of each reaction 
solution was mixed and placed on Ice for 60 min. A 15 (iL quantity of streptoavidin (Dynabeads) diluted with TBST-1 
percent sicim mill< was added, and the mixture was stirred for 30 min at 4**C. Magnetic force was employed to recover 
the beads, thorough washing was conducted with TBST, and then the Rl of the beads was measur d. The results are 
given in Table 1 . These results show that for SV40 large T and p53, and fos and jun, the interaction of which is well 
known, the isolation of one protein pemnitted the detection of the oth r. The interaction between SV40 large T was also 
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detected. 



Table 1 



10 



Blotinylated Protein 


Rl-Labeled Protein (c.p.m.) 


Fos 


Jun 


Luc 


Large T 


P53 


Fos 


177 


675 


172 


156 


169 


Jun 


707 


204 


131 


176 


187 


Luc(a) 


152 


150 


148 


127 


233 


Large T 


197 


197 


208 


551 


1400 


p53 


232 


206 


154 


884 


200 



a) Denotes ludferase 



1$ Example 2 

Assaying of Multiple Samples (Model System) 

[0081] A 1 ^L quantity of each of the reaction solutions of five Ri-labeled proteins of Reference Example 1 and 1 \iL 
20 of each of the reaction solutions of five blotinylated proteins of Reference Example 2 were mixed together and placed 
on Ice for 60 min. The same operation as In Example 1 was conducted and the Ri of the beads was measured. The 
results showed that in the reactions of the five Rl-labeled proteins with the five blotinylated proteins, a value of 1035 
cpm was obtained. By contrast, a reaction of five Rl-labeled proteins alone, without the addition of the blotinylated 
proteins, yielded a value of 447 cpm. This suggested that even when plural labeled proteins were mixed with plural 
25 blotinylated proteins, the interaction between proteins could still be adequately detected. 

Example 3 (Screening Methods) 

[0082] Labeled proteins were prepared according to Reference Example 1 (except that in the present experiment, 
30 an ultrafiltration membrane (Amicon) was employed to remove the free 35S-Met following the reaction) and blotinylated 
proteins were prepared according to Reference Example 2 for each of 320 known proteins arbitrarily selected from the 
Riken mouse full-length strand cDNA library ZX series (each of 1-1 through 1-12,2-1 through 2-12, 3-1 through 3-12, 
and 4-1 through 4-4 was comprised of eight genes A-H). 1 6 proteins were mixed together Into one group (1 \iL of each 
labeled protein and 2 ^L of each blotinylated protein, totaling 48 ^L) and the interaction between a total of 20 groups 
35 of labeled protein and a total of 20 groups of blotinylated protein were examined in the same manner as in Example 
2. Table 2 gives the detected RI (cpm) values. Table 3 give the statistical values (number (n), mean (m), and standard 
deviation (o)) for the respective data. Table 4 gives the difference between the standard deviation (a) in n=20 and the 
standard deviation (a) in n=19 for each set of data (cpm). 
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[0083] Table 2 shows the signal (cpm) detected when one group of the 20 groups (v rtical axis) of labeled proteins 
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was interacted with one group of the 20 groups (horizontal axis) of biotinylated proteins by the same m thod as in 
Example 2. The vaiue as the positiv control (P) Is th value (see Example 1 ) obtained by adding 2 \iL of biotinylat d 
jun and 1 of 35S-Met labeled Fos, whose interaction is already known, to the same combination (corresponding to 
what Is on the diagonal Ijn in the tabt ). For confimnatipn by means of statistical verification, the average value (m) 

5 and standard deviation (o) w re catculat d for a number (n=20) of each of 35S-Met labeled protein groups (TabI 3), 
and the subtracted value between this standard deviation and the standard deviation calculated similarly when n=:19 
is given in Table 4. This value Indicates the degree of bias when each of the measured values in Table 2 was compared 
with the measured values of the other 1 9 groups. Theoretically, as this value is closer to 0, the bias is within an error 
range. At a reliability level of 95 percent, the bias Is 21 , and at a reliability level of 99 percent, the bias Is 31 . Here, 

10 combinations exhibiting values of 25 or greater were considered empirically significant and the experiment was con- 
tinued. 

[0084] For combinations of labeled proteins and biotinylated proteins exhibiting high signal values in the results of 
Table 2 as well as exhibiting values of 25 or greater In Table 4, and combinations exhibiting reproducibility in experiments 
on combinations where biotinylation and labeling were reversed (the combinations of 1-9, 10 and 1-9. 10 (Table 5), 
IS the combinations of 2-9, 1 0 and 2-1 , 2 (Table 6), the combinations of 2-1 , 2 and 2-9,10 (Table 7), and 2-9, 1 0 and 2-9, 
10 (Table 8)), the group of 16 proteins was further divided Into four groups comprising four proteins and secondary 
Interaction detection was conducted. The results are given in Tables 5-8. 
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[0085] In Tables 5-8 and Tables 9-11 described below, since the population number n was comparatively low 4 and 
was unsuited to statistical processing, combinations with high signal values were treated as candidates for subsequent 
detection. Generally, forthe reliability level to exceed 95 percent, the population n must be 5, 6, or greater. Thus, when 
the population Is 5, 6, or greater, combinations having significance can be evaluated by perfomiing statistical process- 
ing. 

[0086] For the combinations exhibiting high signal values in Tables 5-8 (combinations 2-1 , E-H and 2-10, E-H (Table 
9); combinations 2-10, E-H and 2-10, E-H (Table 10); and combinations 1-9, E-H and 1-9, E-H (Table 11)), each group 
comprising four proteins was divided into subgroups of single proteins and a third level of Interaction detection was 
conducted. The results are given in Tables 9-11. 
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Table 11 
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[0087] Finally, from the 1 02, 400 (320 x 320) combinations, the following three protein Interactions could be identified. 
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1 ) DnaJ-like protein (HsJ2) (2-1 OE)/DnaJ-like protein (HsJ2) (2-1 OE) (self-association) 

2) Caspas 6 (1-9E)/Caspas 6 (1-9 E) (self-association) 

3) Bpx protein (nucleosome assembly protein homologue) (2-1H)/MB20 protein (function unknown, 2-1 OF) 

5 [0088] Of these, 1 ) is a dimer of known interaction (Wickner: Proc. Natl Acad Sci. USA 87 (1 990) 2,690-2,694) and 
2) and 3) are known proteins of unknown function. With respect to 3), a search of the literature revealed that the protein 
Bpx corresponds to a NAPI-like protein L2 belonging to the NAP (nucleosome Assembly protein) 1 family (Rougeulle 
et al.: Hum. Mol. Genet. 5 (1996) 41-49). Further, a search for homology based on the BLAST1 of the amino acid 
sequence predicted from the base sequence revealed protein MB20 to be an NAPI-like protein L3 belonging to the 

10 same NAP 1 family. 

[0089] The present Invention provides methods capable of readily and rapidly detecting interactions between large 
numbers of proteins including new proteins. These methods pemiits the simple, efficient, and systemic detection of 
interacting genetic products (proteins) even when all genes have been isolated, and they are useful for inferring protein 
functions. That is, interactions between proteins can be systematically detected by labeling for detection and modifying 

IS for isolation proteins obtained from each clone of catalogued full-length strand cDNA large-scale libraries. 

[0090] Further, the screening methods of the present invention penriit the detection of pairs of proteins that are 
affected by certain compounds, for example, organism-related substances and natural organk: substances, from among 
plural protein pairs. The use of the screening methods of the present Invention penmlts the clarification of how Inter- 
actions between proteins are affected by organism-related substances and compounds that are known to be phanma- 

20 coiogicaliy active but the action mechanisms of which are unknown. 



Claims 

25 1 . A method for the detection of interacting proteins, characterized by: mixing a protein having a label for detection 
synthesized by a cell-free protein synthesis method with a protein having a modification for separation synthesized 
by a cell-free protein synthesis method; separating, by means of the modification for separation, a protein pair 
fomned by the interaction between the proteins from proteins having labels for detection that have not formed 
protein pairs; and identifying the protein pair by means of the label for detection. 

30 

2. The method according to claim 1 , wherein when at least one of proteins having a label for detection and proteins 
having a modification for separation comprise plural proteins, and a protein pair fomned by the interaction between 
the proteins is detected, the plural proteins are defined as a group and the group is further divided Into at least 
two sub-groups, provided that when both the proteins having a label for detection and the proteins having the 
35 modification for separation comprise plural proteins, either plural protein or both plural proteins are defined as 

groups and at least one group is further divided into at least two sub-groups; then the subgroups are again subjected 
to detection and separation of the protein pair fomned by the Interaction between the proteins in order to detemnlne 
the type of proteins fomning the protein pair. 

40 3. The method according to claim 2, wherein the division into subgroups and the separation and detection of the pair 
proteins are repeated until the subgroups comprise only a single protein. 

4. The method according to any of claims 1 -3, wherein the proteins having a label for detection are a protein group 
A comprising one or more types of proteins, the proteins having a modification for separation are a protein group 
45 B comprising one or more types of proteins, a protein pair (protein a - protein b) fomied by the interaction between 

a protein a, belonging to the protein group A, and a protein b, belonging to protein group B, is separated from 
proteins belonging to group A which have not fomned protein pairs by using the modification for separation of 
proteins b, and detecting the label of protein a In the separated protein pair (protein a - protein b). 

50 5. A method for the detection of Interacting proteins, characterized by: synthesizing proteins having a label for de- 
tection and proteins having a modification for separation in a single system by a cell-free protein synthesis method; 
separating a protein pair fomned by the interaction between proteins from proteins having a label for detection that 
have not fomned protein pairs by using of the modification for separation; and identifying the protein pairs by using 
the label for detection. 

55 

6. The method according to claim 5, wherein when at least one of proteins having a lab I for detection and prot ins 
having a modification for separation comprise plural proteins, and a protein pair fomned by the interaction betw en 
. the proteins is detected, the plural proteins are defin d as a group and the group is further divided into at least 



19 



EP1 182 458A1 



two sub-groups, provided that wh n both the proteins having a labei for detection and the proteins having the 
modification for separation comprise plural proteins, either plural protein or both plural proteins are defined as 
groups and at i ast one group is further divided into at least two sub-groups; then th subgroups are again subjected 
to detection and separation of the protein pair formed by the Interaction between the proteins In order to detennlne 
.5 the type of proteins fomiing the.protein pair 

7. The method according to claim 6. wherein the division into subgroups and the separation and detection of the pair 
proteins are repeated until the subgroups comprise only a single protein. 

The method according to any of claims 5-7, wherein the proteins having a label for detection are a protein group 
A comprising one or more types of proteins, the proteins having a modification for separation are a protein group 
B comprising one or more types of proteins, a protein pair (protein a • protein b) fonned by the interaction between 
a protein a, belonging to the protein group A, and a protein b, belonging to protein group B, is separated from 
proteins belonging to group A which have not fornied protein pairs by means of the modification for separation of 
proteins b, and detecting the label of protein a in the separated protein pair (protein a - protein b). 

9. A method for the detection of interacting proteins, characterized by; preparing a substrate dotted with proteins 
synthesized by a cell-free protein synthesis method, contacting a protein having a label for detection and which 
were synthesized in a cell-free protein synthesis method with the substrate dotted with proteins, and identifying 

20 protein pairs fonned between the dotted proteins and labeled proteins by using the label for detection. 

10. The method according to claim 9, wherein when at least one of proteins having a label for detection and proteins 
dotted on the substrate comprise plural proteins, and a protein pair fornied by the Interaction between the proteins 
is detected, the plural proteins are defined as a group and the group is further divided into at least two sub-groups, 

25 provided that when both the proteins having a label for detection and the proteins dotted on the substrate comprise 

plural proteins, either plural protein or both plural proteins are defined as groups and at least one group is further 
divided into at least two sub-groups; then the subgroups are again subjected to detection and separation of the 
protein pair formed by the interaction between the proteins in order to determine the type of proteins fomnlng the 
protein pair. 

30 

11. The method according to claim 10, wherein the division Into subgroups and the separation and detection of the 
pair proteins are repeated until the subgroups comprise only a single protein. 

12. The method according to claim 9, wherein the proteins having a label for detection are a protein group A comprising 
35 one or more types of proteins, the proteins dotted on a substrate are a protein group B comprising one or more 

types of proteins, a protein pair (protein a - protein b) formed on the substrate by the Interaction between a protein 
a, belonging to the protein group A, and a protein b dotted on the substrate, belonging to protein group B; removing 
from the substrate proteins belonging to group A whjch have not fonned protein pairs, and detecting the label of 
protein a In the protein pair (protein a - protein b). 

40 

1 3. The method according to any of claims 1-12, wherein the starting material for the synthesis of proteins by the cell- 
free protein synthesis method is DNA or RNA. 

14. The method according to any of claims 1 -1 3, wherein the label for detection is selected from the group consisting 
45 of fluorescent substance, chemiluminescent substance, radioisotope and a stable isotope. 

15. The method according to any of claims 1-8. 13-14, wherein the modification for separation is a modification for 
solid-phase separation. 

50 16. The method according to claim 15, wherein the modification for separation is blotinyiation, avidinylation or strep- 
toavidinylation. 

17. The method according to claim 16, wherein the protein pairs are separated by use of a solid-phase on which a 
substance having affinity for biotin, avidlnblotin or streptoavldin is fixed. 

55 

18. the method according to any of claims 9-12, by subjecting the proteins to blotinyiation, avidinilation or streptoa- 
vldinylation during the synthesis, preparing a substrat by fixing a substanc having affinity for biotin, avidlnblotin 
or streptoavldin, contacting the proteins with the substrate, and the substrat dotted with proteins Is obtained. 



10 8. 
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19. The method according to any of claims 1 -1 8. wherein the labeiing for detection and/or modification for s paration 
of the proteins are introduced into the proteins by using an aminoacyl tRNA derivative during th prot in synthesis 
method. 

5 20. The method according to claim 19, wherein the aminoacyl tRNA derivative is a lysyl tRNA derivative. 

21 . The method according to any of claims 1 -20, wherein the labeling for detection and modification for separation of 
the proteins are introduced into the proteins by using a puromycin derivative during the protein synthesis method. 

10 22. The method according to claim 21 . wherein a fluorescence-labeled or radioisotope-labeied puromycin and bioti- 
nylated puronnycin are employed as puromycin derivative. 

23. The method according to any of claims 1-22. wherein the synthesis by using celt-free protein synthesis method 
and interactions of proteins having a label for detection and/or proteins having a modification for separation are 

IS conducted in plural number and in parallel. 

24. A method for screening protein pairs in which at least one substance affects the interaction between the proteins 

of a protein pair comprising the steps of: 

20 (1 -1 ) mixing, in presence of at least one substance affecting the interaction between the proteins of a pair, a 

protein having a label for detection synthesized by a cell-free protein synthesis method and a protein having 
a modification for separation synthesized by a cell-free protein synthesis method; separating protein pairs, 
fpnmed by the Interaction between proteins, from proteins having a label for detection that have not fomned 
protein pairs by using the modification for separation, and identifying the protein pairs by use of the label for 

25 detection; 

(1 -2) perfomDlng the same process as In step (1 -1 ) except that the mixing of the protein Is conducted in absence 

of the substance; and 

(1-3) comparing the protein pairs identified in step (1-1) and in step (1-2) to detemilne protein pairs in which 
the interaction between proteins is affected by this substance. 

30 

25. A method for screening protein pairs in which at least one substance affects the interaction between the proteins 
of a protein pair comprising the steps of: 

(2-1 ) synthesizing proteins having a label for detection and proteins having a modification for separation In a 
35 single system by a ceil-free protein synthesis method; adding to the synthesis system at least one substance, 

affecting the interaction between the proteins of a pair; separating protein pairs fomried by the interaction 
between protei ns from proteins having a label for detection that have not fomned a pair by using the modification 
for separation; and identifying the protein pairs by use of the label for detection; 

(2-2) perf orniing the same process as in step (2-1 ) with the exception that the mixing of the protein is conducted 
40 in absence of the substance; and 

(2-3) comparing the protein pairs identified in step (2-1) and in step (2-2) to detenmine protein pairs in which 
the interaction between proteins is affected by this substance. 

26. A method for screening protein pairs in which at least one substance affects the Interaction between the proteins 

45 of a protein pair comprising the steps of: 

(3-1 ) preparing a substrate dotted with proteins synthesized by a cell-free protein synthesis method; contacting 
a protein having a label for detection, synthesized by a cell-free protein synthesis method, with the substrate 
dotted with proteins in presence of at least one substance, affecting the Interaction between the proteins of a 
50 pair; and identifying protein pairs fomned between the dotted proteins and the labeled proteins by use of the 

label for detection; 

(3-2) performing the same process as in step (3-1 ) with the exception that the mixing of the protein is conducted 
In absence of the substance; and 

(3-3) comparing the protein pairs identified in step (3-1) and in step (3-2) to find a protein pairs in which the 
55 interaction between proteins Is affected by this substance. 

27. The method according to any of claims 24 to 26, wherein said substance is select d from th group consisting of 
amino acids, peptides, proteins, lipids, sugars, and their derivatives; complexes of amino acids, peptid s, proteins, 
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lipids, sugars, and derivatives thereof; and alkaloids, terpen s, coenzymes, antibiotics, epoiactaenes or derivatives 
thereof; benzophenon derivatives, tetraazaeicosanes, stachybocins, coumarin derivatives, dipyridinium deriva- 
tives, hirsutin derivatives, cyclopropane derivatives, allosamidin derivatives, quinoline d rivatlves. quinocarcins 
and derivatives thereof. 

.5 . . 

28. The method according to any of claims 24 to 26, wherein said substance is at least one Chinese herbal drug 
selected from the group consisting of Asini Corii Collas, gambir. sweet hydrangea leaf, benzoin, clematis root, 
Artemisia capillaris spica, fennel, tumeric, aconite root, Prunus mume, lindera root, bearberry leaf, rose fruit, co- 
rydalis tuber, Isodon japonicus, astragalus root, Scutellaria root, phellodendron bark, pwedered pheltodendron 

10 bark, cherry bark, coptis root, polygala root, sophora flower, prunella spike, Terminalia chebula, Houttuynia root, 

Pogostemon cablin, pueraria root, tale, Japanese valerian, Muller Argoviensis, trichosanthes root, Trichosanthis 
Semen, dried ginger, licorice, licorice powder, cantharis, agar pweder, Artemisiae Folium leaf, zedoary, platycodon 
root, powdered platycodon root, chrysanthemum flower, catalpa fruit. Immature orange, citrus peel, cinchona, noto- 
pterygium root, apricot kernel, Goodyera procera flower, Lycium chinense seed, Lycium chinense leaf, sophora 

IS root, guaiac gum, schizonepeta herb, cinnamon baric, cassia seed, pharisitis seed, Scrophularia ningpoensis, gen- 

tiana, geranium herb, safflower, red ginseng, cypems rhizome, Oryzae Semen, straw, magnolia baric, calumba, 
condurango, achyranthes root, evodia fruit, arctium fruit, schisandra fruit, bupleurum root, aslasarum root, saffron, 
smilax rhizome, hawthom fruit, gardenia fruit, comus fruit, zanthoxylum fruit, Sophora subprostrata. ZizyphI Spinosi 
Semen, dioscorea rhizome, pomegranate rind, Aster tataricus, lithospennum root, perilla seed, Tribuli Fructus, 

20 persimmon calyx, peony root, powdered peony root, Adenophora triphylla, plantago seed, plantago herb, gallnut, 

Amomi Semen, Zingiberis Rhizoma, cardamon, wheat, cimicifuga rhizome, Magnoliae Flos, rehmannia root, Ly- 
cium chinense bark, Torilis japonica, houttuynia heris, Acorus gramlneus seed, gypsum, senega, powdered senega, 
cnidium rhizome, nuphar rhizome, cicada slough, senna leaf, powdered senna leaf, sweitia herb, powdered swertia 
heriD, gelatin, Peucedani Radix, actractylodes lancea rhizome, mulberry bark, Sappan Lignum, perilla herb, jujube, 

25 allsma rhizome, rhubarta, powdered rhuipartD, Arecae Semen, Bambusae caulls, panax rhizome, aneman-hena 

rhizome, clove, Uncariae Uncis Cum Ramulus, chuling, citrus unshiu peel, Arisaema serratum tuber, Gastrodia 
tuber, Asparagus cochinchinensis, Casicum annuum, capsicum, Japanese angelica root, Angeik:a pubescens rhi- 
zome, peach kernel, bitter orange peel. Ipecac, tragacanth. Araliae Cardatae Rhizoma, Amydae, nandin nut, picras- 
ma wood, nutmeg, ginseng, honey-suckle, honey, mentha heriD, glehnia root, pinellla tuber, fritillary bulbus, ophi- 

30 opogon tuber, Trapa natans nut, Lilii Bulbus, angelica dahurica root, atractylodes rhizome, loquat leaf, areca, hoe- 

len, aconite root, baked aconite root, sinomenium stem, imperata rtilzome, ledebouriella root, Quercus Cortex, 
moutan bark, oyster shell, ephedra hert. Cannabis Fructus, Vitex ritundifolia, akebia stem, Chaenomeles fruit, 
saussurea root, bitter cardamon, Leonurus sibiricus. myricae cortex, coix seed, powdered coix seed, Longan Aril- 
lus, Fossilia Ossis IVIastodi, magnesium sulfate, Gentianae Scabrae Radix, Alpinlae Offtelnari Rhizoma, forsythia 

35 fruit, Nelumbis Semen, scopolia rhizome, Araliae Cordatae Radix, and Osmorhlza aristata rhizome. 

29. The method according to any of claims 24 to 26, wherein said substance is at least one folk remedy selected from 
the group consisting of Mallotus japonicus baric, Taxus cuspidate, Gynostemma pentaphyllum, Epimedium 
marcranthum, locust, beariaerry leaf, Quercus stenophylla, corydalis tuber, Isodon japonicus, Polygonatum falca- 

40 turn, phellodendron baric, coptis root, licorice, pueraria root, Ajuga nipponensis spike, Artemisia vulgaris leaf, Poly- 
goni Multiflori Radix, persimmon leaf, persimmon juice, platycodon root, Catalpa ovata, chrysanthemum flower, 
Ajuga decumbens, Goodyera procera flower, Polygonum filrfonme, Sophora angustifola, Lycium chinense fnjit. 
Lycium chinense leaf, Sasa albo-marglnata, mulbeny leaf, cassia seed, geranium heria, safflower, schisandra fmit, 
arcllum fruit, Acanthopanax bark, pepper. Polygonum cuspidatum rhizome, saffron, smilax rhizome, gardenia fruit, 

45 rehmannia root, lithospennum root, plantago herb, houttuynia hertj, persimmon calyx. Lycium chinense bark, di- 

chroa root, Ligustrum lucidum, earthworm, Aloes Lignum, leech, field horsetail, dendrobium, senna leaf, swertia 
heri3, pomegranate, Agrimonia Eupatoria, cicada slough, mulberry bark, rhubarb, star anise, red ochre, Aralia elata 
bark, clove, Lophatherum leaf, dayflower, Arisaema serratum tuber, Gastrodia tuber, rush pith, Corchorus seed, 
Ridnus communis seed, Codonopsis tangshen root, Trichosanthes fruit, ipecac bark, eucommla bark, nandin nut, 

50 Zea Mays, ginseng, Lonicera japonica, frankincense, red-benied elder tree, Patrinia scabiosaefolia root, chick- 
weed, coix seed, Cassia occidentalls, senna tea, Tetragonia expanse, pomegranate fruit, Trapa natans nut, loquat 
leaf, cluster amaryllis root, Pyrrosia leaf, Stemona root, wisteria bump, tabanidae, dandelion root, Digenea simplex, 
Chaenomeles fruit, Actlnldia polygama, scouring rushes, peach leaf, Daphniphyllum macropodum, Artemisia vul- 
garis leaf. Eupatorium stoechadosmum. longana aril, Glechoma hederacea. Nelumbis Semen, and wasp's nest. 

55 
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